HD 65949 is a late B star with exceptionally strong Hg II λ3984, but it is not a typical HgMn star. The Re II spectrum is of extraordinary strength. Abundances, or upper limits are derived here for 58 elements based on a model with T eff = 13100K, and log(g) = 4.0. Even-Z elements through nickel show minor deviations from solar abundances. Anomalies among the odd-Z elements through copper are mostly small. Beyond the iron peak, a huge scatter is found. Enormous enhancements are found for the elements rhenium through mercury (Z = 75-80). We note the presence of Th III in the spectrum. The abundance pattern of the heaviest elements resembles the N=126 r-process peak of solar material, though not in detail. An odd-Z anomaly appears at the triplet (Zr Nb Mo), and there is a large abundance jump between Xe (Z = 54) and Ba (Z = 56). These are signatures of chemical fractionation.
. Briefly, these were that the anomalies appeared in the stable atmospheres of slowly rotating stars with radiative envelopes. Additionally, the more abundant elements, helium, carbon, nitrogen, and oxygen could have little radiative support because their strong lines would be saturated. Time has not dimmed the relevance of that insight.
Scientific breakthroughs often hinge on the location of special cases, where the effects under consideration are large. A code breaker is at a severe disadvantage when faced with a brief message. With a long message, it is more likely that the regularities of a language will lead to a decryption key. We hope that the present study represents a kind of longer message, and can serve as a Rosetta stone, for an understanding of the more bizarre anomalies seen in CP stars. We provide information on more elements (58) than in a typical study of similar stars (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) . Additionally, a number of the anomalies are very large.
The extensive analysis of Castelli and Hubrig (2004, CH04) provides a guide for the present work. Their study of the classical HgMn star, HR 7143 (HD 175640), reported abundances for 40 elements. The abundance anomalies are similar in some ways to those of HD 65949, and dissimilar in others. It has been helpful to compare results for the two stars. A detailed comparison with HR 7143 has been possible because of the spectra posted on Castelli's (2009) web site.
The HgMn star χ Lup has also been the subject of intensive study (cf. Wahlgren 2005 , and many cited references therein). The star is significantly cooler (T eff = 10650K) than HD 65949 (ca. 13100K), and many important results were obtained from Hubble Space Telescope (HST ) observations for which there is no comparable material for HD 65949. We briefly discuss the χ Lup abundances in the light of the present study. Abt and Morgan (1969) noted the great strength of Hg ii λ3984 in the spectrum of HD 65949, and remarked that it did not seem to be an HgMn star. Hubrig et al. (2006) reported a weak magnetic field which might indicate a relation to the magnetic sequence of CP stars (Preston 1974) .
AN UNUSUAL LATE-B SPECTRUM
More recent high-resolution ESO observations revealed a truly unusual spectrum , Paper I, Cowley, Hubrig, & Wahlgren 2008 . In addition to the possibly record-setting strength of Hg ii λ3984, along with strong Pt ii, lines of Os ii and especially Re ii were numerous. Osmium and rhenium have been investigated in the ultraviolet spectrum of χ Lup (Wahlgren et al. 1997 , Ivarsson et al. 2004 ), but the presence of lines of these elements in ground-based spectra is unusual.
The richness of the line spectrum is due not only to the unusual abundances. The lines are extremely sharp. We estimate from spectral synthesis, that v · sin i = 0.5 ± 0.5 km s −1 . The present work is a more complete abundance analysis of HD 65949, though based primarily on equivalent widths. For rich spectra, such as Fe i and ii, we obtained, hopefully, a sufficient number of measurements, but did not attempt to analyze all possibly relevant features. In this respect, the CH04 work is undoubtedly superior, since the entire spectrum of HR 7143 was synthesized. However, relatively small errors in the present analysis are less important than they might otherwise be, given the large departures of many values from the standard (solar) abundance distribution (SAD, e.g. Asplund, Grevesse, Sauval, and Scott 2009) .
HD 65949 is located in the young cluster NGC 2516, which is known for more than a typical number of CP stars. This cluster also has an unusual number of X-ray sources (Wolk et al. 2004 ). These facts make it tempting to suggest that mass transfer might be relevant for some aspect of the anomalies. This is an old idea, which Wahlgren et al. (1995) remarked "remains a distant alternative, but possibly a collaborator to diffusion theory."
THE ATMOSPHERE OF HD 65949
The effective temperature of HD 65949 is uncertain by several hundred degrees. The estimate used in Paper I, T eff = 13600K, came from averaged Strömgren and Hβ photometry (Hauck & Mermilliod 1998) , and the calibration of Moon and Dworetsky (1985) and implemented by Moon (1984) . We used a version of the Moon code kindly supplied by Dr. B. Smalley. For Paper ii, we adopted a temperature 1000K lower, which gave equal abundances for Fe i, ii, and iii. Here, the reasoning was that for abundances it is more important to have the ionization correct than the color temperature. Since that work, we have become more convinced of the plausible relevance of stratification in the atmospheres of early stars. When an element is non-uniformly distributed in a photosphere, the apparent ionization temperature of one element will not in general indicate the correct degree of ionization of another.
A computer code kindly supplied by Dr. P. North (cf. Kunzli et al. 1997 ) allows one to include an abundance estimate in the calculation of T eff and log(g). Geneva photometry was obtained from the online General Catalogue of Photometric Data of Mermilliod, Hauck, & Mermilliod (2007) . The code requires a reddening estimate, which we obtained from measurements of the interstellar Na i D2 and K i resonance lines, with the help of the calibration of Munari and Zwitter (1997) . We adopted E(B −V ) = 0.042 (smaller than typical measurements for NGC 2516, ca. 0.1; cf. references in van Leeuwen 2009). Conversions of reddening from the U BV system they used to the Geneva system were taken from Paunzen, Schnell, & Maitzen (2006) . Dr. North's code calculates T eff and log(g) for [Fe/H] values of −1, 0, and +1. We averaged the results for 0 and +1, and obtained the adopted value T eff = 13100K. This value is conveniently between that obtained from Strömgren photometry and that giving iron ionization equilibrium.
Dr. North's code also gives surface gravity: log(g) = 4.2. However, our calculations were all made with log(g) = 4.0. Low Balmer profiles are relatively insensitive to the effective temperatures considered here, but agree well with the assumed log(g) = 4.0 (Fig. 1) .
No stratification was assumed in any of the abundance calculations. 
SPECTRA
ESO/FEROS spectra are discussed in Kaufer et al. (1999) . The useful coverage was λλ3603-9211, with a resolving power of 48000. They were supplemented by a UVES (Dekker et al. 2000) Most abundances are based on equivalent width measurements carried out with Michigan software, which fit a Voigt profile to the stellar features. Equivalent widths for few hyperfine and helium profiles were obtained from quadrilaterals or triangles estimated to have the same area as the more complex absorption profiles.
BINARITY
HD 65949 was one of the objects investigated in NGC 2516 for binarity by Abt and Levy (1972) . Their observations were combined with objective prism measurements by Gieseking (1978) and Gieseking and Karimie (1982) , who found orbital elements very close to those adopted here (Table 2) . We may group the radial velocities roughly into two time periods. The "old" measurements were made within the interval from Nov. 1967 through Apr. 1978 . "New" measurements followed some 20 years later, from Jan. 1998 to the Jun. 2009. The newer measurements are clearly more precise, as shown in Fig. 2 . This is expected, as many of the older measurements were made from objective prism spectra. Table 1 gives the more recent, previously unpublished, radial velocities, plotted in Fig. 2 . The ESO FEROS and UVES instruments are discussed in §4. The REOSC spectrograph is described by González and Lapasset (2000) ; Pintado and Adelman (2003) discuss the EBASIM instrument.
Even though the old measurements are less precise by 
a factor 10-100, they are useful for the period calculation since they provide a time-base of about four decades. We performed a global fit of all the observations to determine the period. Then we kept the period fixed and fit the remaining parameters using only the new measurements. The resulting parameters are listed in Table 2 . The adopted T eff = 13100 K, and a fit to the data of Torres, Andersen, and Giménez (2009) then yields MV = −0.02, for a main sequence star. The corresponding mass is ≈ 3.3 M⊙. Since no absorption lines from the secondary are seen, we assume a flux ratio 0.1, or ∆Mv > 2.5. The calibration gives M/M⊙ ≈ 1.52, for MV ≈ 2.48, commensurate with a mass ratio, q < 0.5, expected for main-sequence binary stars. If we fix the primary mass at 3.3 M⊙, the mass function, f (m) = 0.0446, yields a secondary mass between 1.52 and 0.92 M⊙ for inclinations in the range 41 to 90
• . Smaller inclinations are less likely, since they would lead to larger secondary masses. Masses of 3.3 M⊙ for the primary, and from 1.52 to 0.92 M⊙ for the secondary give separations a1 + a2 from 0.254 to 0.243 AU.
The binarity of the HD 65949 system is of interest in view of the suggestion made below that mass exchange may be relevant for the surface chemistry. We note the increase in the systemic velocity of the binary system, which appears convincing in spite of the larger scatter of the older measurements. Note also that there is a systematic difference of 2 km s −1 between the FEROS and HARPS observations, taken at the same phase, but separated by 3.5 years.
A fit of the center-of-mass velocity, keeping all other orbital parameters fixed, gives Vγ = 16.9 ± 1.5 km s −1 and Vγ = 25.7 ± 0.2 km s −1 for the old and the new measurements, respectively. A third body is therefore suspected to account for the change in systemic velocity.
ATOMIC PARAMETERS
Most of the atomic lines used in the present study were sufficiently weak that damping parameters are not important. We used default Stark damping from Cowley (1971) , and Unsöld's (1955) formula for van der Waals damping, but enhanced by a factor of two. Only the Ca ii K-line and lines from the infrared triplet were strong enough that Stark damping began to be relevant. We used the parameters adopted by CH04.
Default oscillator strengths were from VALD (Kupka et al. 1999) , but supplemented as noted in the element-byelement discussion in Appendix A. Special calculations of partition functions and oscillator strengths were made for the present study, as noted in the Appendices B and C.
For Cr ii, Ti ii, and Mn ii, we used VALD and Kurucz (1995) to retain only lines that were allowed by LS-coupling selection rules. All oscillator strengths for third spectra of the lanthanides were from the DREAM database (Biémont, Palmeri, and Quinet 1999) . Table 3 lists abundances or upper limits for 58 elements listed in Column 1. Logarithmic ratios of individual abundances to the total elemental abundances including hydrogen follow in Column 2. Column 3 gives error estimates, which are usually the standard deviation of the results from the number of lines used, shown in Column 4. For a few elements, the error is the difference in determinations from two ionization stages. There is no entry for upper limits based on a single line, but we estimate an uncertainty of some 0.5 dex. The solar abundance from Asplund, Grevesse, Sauval and Scott (2009) is in Column 5, while Column 6 is the difference in the stellar and solar values.
ABUNDANCES
The stellar abundances are plotted in Fig. 3 , along with corresponding solar values. Generally small deviations from the solar pattern are seen, especially for the even-Z elements with Z less than about 30. Beyond this point, the stellar abundances scatter wildly, with excesses ranging up to 6 dex (Re and Hg).
NON-NUCLEAR SIGNATURES
The abundance pattern of Fig. 3 shows a number of features that indicate the influence of non-nuclear processes. Interestingly, all such indications are for elements with Z greater than about 30 (Zinc). The most common non-nuclear pattern shown in late-B CP stars is an abundance of Mn (Z = 25), greater than that of either Cr (Z = 24) or Fe (Z = 26). This has been called an odd-Z anomaly, since nuclear processes do not make more of odd-Z elements relative their even-Z neighbors (Li, Be, B excepted). That anomaly at Mn is not seen in HD 65949, but does appear in the typical HgMn star HR 7143 (CH04).
Beyond the iron peak, there is often an odd-Z anomaly at yttrium (Z = 39), which can be more abundant than its even-Z neighbors, Sr and Zr (Guthrie 1971 , Adelman et al. 2001 ). This anomaly is clearly present in HR 7143, but not in HD 65949. However, the next triplet containing an odd-Z element, Zr, Nb (Z = 41), Mo does form an odd-Z anomaly in HR 65949. CH04 do not report abundances for Nb and Mo. Indeed, abundances for these two elements are rarely (if ever) reported for HgMn or related (HR 6000, HR 6870) stars.
Just as significant as the odd-Z anomalies are two highly fractionated even-Z neighbors: Xe and Ba. We find Xe more abundant than Ba by 4.2 or more dex. None of the standard (r-or s-process) neutron addition schemes would produce so severe a fractionation. Note that a Xe-Ba fractionation of 3.31 dex occurs in HR 7143. Similar (or larger) values probably hold for other HgMn stars where Xe ii has been identified. However, the Ba ii lines are presumably not seen, and upper limits have not been computed.
LATE B-STAR ABUNDANCES COMPARED
9.1 HD 65949 and HR 7143 Larger departures from the solar pattern are seen among the odd-Z elements. These are usually small or negative in HD 65949. A nitrogen (Z = 7) deficiency is a general characteristic of HgMn stars (Dworetsky 1993) . Phosphorus (Z = 15) is overabundant in both stars, but not more so than its even-Z neighbors. Manganese (Z = 25) is slightly overabundant in HD 65949, but 2.5 dex in excess in HR 7143. Overall, we may conclude that the lighter elements of HR 7143 show a greater fractionation from the solar pattern than those of HD 65949. When we consider the heavier elements, both stars show a large scatter, nearly exclusively of positive deviations from solar. Gallium is particularly notable, as it is some 3.7 dex overabundant in HR 7143. The upper limit in HD 65949 is about 1.7 dex. There is no indication of the stronger Ga ii lines on the HARPS spectra. Apart from Ga and Y, the excesses in HR 7143 are lower than in HD 65949. Note, especially the case for Os (Z = 76) which is 5.3 dex in excess in HD 65949 but essentially solar in HR 7143.
Generally, among the elements heavier than zinc, the abundances in HD 65949 are more highly fractionated than those of HR 7143.
χ Lup
Abundances for χ Lup A (T eff = 10165 K, log(g) = 3.8, B9.5p HgMn) are given by Leckrone et al. (1999) as supplemented by papers cited by Wahlgren (2005) . A plot of abundances vs. Z reveals a relatively small scatter for most elements lighter than those with Z in the early 30's. This has been noted for HD 65949 and HR 7143. There are, however, several points for elements studied in the HST UV spectra. In particular, the marked underabundance of zinc (Z = 30) is prominent. The triplet Zn, Ga (Z=31), and Ge (Z = 32) form an even-Z anomaly, incomprehensible from the point of view of nucleosynthesis. The same even-Z anomaly is shown by Ga, Ge, and As. No marked overabundances occur in χ Lup until Z = 33. Beyond that value of Z, overabundances are common, and there are no underabundances for detected elements. Dworetsky, Persaud & Patel (2008) give log(Xe/H) = −5.74, between the values for HR 7143 and HD 65949. There is no abundance for the noble gases Kr (Z=36). Strontium (Z = 38) is enhanced in both HD 65949 and χ Lup. Barium (Z=56) is significantly enhanced only in χ Lup and in HgMn stars, but not in HD 65949. Rhenium (Z = 75), so highly enhanced in HD 65949, has no detection in χ Lup. The overall very heavy element (Os, Pt, Au, Hg, Tl) enhancement in Chi Lup is present, but differs in detail from that of both HD 65949 and HR 7143.
We leave further discussion and possible interpretation of the χ Lup abundances to a future study.
DISCUSSION

The temperature differential
We reject the temperature differential, some 1100 K, as primarily responsible for the abundance differences discussed in the previous section. That is because similar abundance patterns persist in HgMn stars over comparable temperature ranges. Moreover, strong Hg and especially Pt are more common among cooler HgMn stars than hotter ones, and these elements are more abundant in the hotter star, HD 65949 than the cooler HR 7143. A similar argument applies to the Mn abundance, but with a reversed sense. Here the hotter HgMn stars are generally richer in Mn, but the cooler HR 7143 has the larger Mn abundance excess.
The isotopic composition of Hg in HD 65949, is also more typical of cooler HgMn stars than that of HR 7143. At low resolution, a mean wavelength of the Hg ii feature may indicate an enrichment of the heavier isotopes-generally the cooler HgMn stars have longer center-of-gravity wavelengths for the λ3984 feature. However, for HR 7143, we measured a mean position of 3983.858Å on a 2.4Å/mm plate taken at the Dominion Astrophysical Observatory (9682/10858u). This might be compared with the FEROS wavelength (cf. Paper I) of 3984.01Å for HD 65949. Synthesis of the higherresolution HARPS and UVES spectra available today prove that HD 65949 is richer in heavier Hg isotopes, though 204 Hg does not dominate, as in χ Lup.
Nuclear patterns
The elements Sr and Ba are typically associated with the s-process. While the Sr excess is more than 2 dex, Ba is at most marginally enhanced, and could be depleted. This excludes the relevance of that process. On the other hand, the solar system r-process shows excesses at Te and Xe, and again, at Os and Pt. The former peak is associated with the N=82 neutron shell closing, and the latter closed shell at N=126. We have not reported an abundance for Te, but the element is positively identified, and surely in excess. Oscillator strength calculations currently under way will provide a quantitative result.
We have noted that the idea of mass transfer in connection with CP star anomalies is relatively old. Wahlgren et al. (1995) discuss it briefly in connection with the isotopic anomalies in χ Lup that suggest the r-process. We note also, the shrewd observation of Woolf and Lambert (1999) that the stable, lighter Hg isotopes are never enhanced in HgMn stars, and that these are the only two isotopes not produced by the r-process. On the other hand, Proffitt and Michaud (1989) concluded the likely transferrence of a significant amount of material from a nearby supernova to a B or A star was "one in a few thousand." Even if HD 65949 represents that rare star, the abundances of the heavy elements are severely fractionated from a pure nuclear pattern. The anomalies cannot result only from an admixture of nuclear-processed material.
We therefore look within this pattern for some clue to the relevant fractionation mechanism. The favored mechanism would be in situ separation by radiative and gravitationally driven diffusion.
Theoretical predictions
Surprisingly little theoretical work is of relevance to the present task. An exception is the decades-old, but extensive work by Michaud, Charland, Vauclair, & Vauclair (1976, MCVV) . In this work both time scales, and extensive predictions are made through the lanthanide elements. In Fig. 6 of MCVV there are precipitous abundance drops near Z = 38-40, and 56-58. This suggests a depletion at Sr, which we do not see, and one at Ba, which we may. On the other hand, the calculations for the heavier elements were sufficiently rough that most elements were predicted to be overabundant by about the same amount. Only when relevant ions achieved the noble gas configurations (e.g. Sr iii or Ba iii) was there a significant reduction of the radiative to gravitational (plus temperature-gradient) forces (gR/gGT ). That ratio was more or less constant for most of the elements beyond Z = 30, and could not account for the structure seen in our Fig. 3 .
The basic diffusion hypothesis has always been that the stars arrive on the main sequence with abundances that are well mixed. Chemical separation then took place as a result of a time-dependent process. Nevertheless, there has been almost no attempt to interpret abundances in terms of age.
The concept of age, as we need it here, need not be a chronological age, or years on the main sequence. MCVV and many subsequent studies (cf. Richer, Michaud, & Turcotte 2000) added a "turbulent" component to the diffusion coefficient. Without this modification much larger anomalies than those observed in some CP stars would be predicted. The more effective this turbulence, the slower the diffusion processes would be. Thus we must think of age in a relative sense. Chemical or cosmochemical maturity might be a more appropriate phrase than age.
For stars with masses above 2-2.6 M⊙, MCVV found characteristic diffusion times very short with respect to the stellar lifetimes. They proceeded to predict abundance anomalies for these stars, without consideration of the ages or the length of time since the diffusion began to operate. Presumably, this was because the time scales were found to be very short, after which time an approximate equilibrium abundance pattern might be established.
This basic picture does not account for the occurrence of very different abundances in stars with similar temperatures and surface gravities.
Correlations
Suppose exotic material from a supernova were transferred to the surface of a nearby star. We must imagine the material to have characteristic r-process enhancements, and minor amounts of elements with Z < 30.
This material could be subject to grain condensation, followed by gas-grain separation as in the scenario proposed by Venn and Lambert (1990) to explain λ Boo stars. In our case, the elements that resist grain formation (Xe, Kr, Os, Pt, Hg) would be carried to the star. One might then expect to see a correlation of the abundance excesses with condensation temperatures (e.g. Lodders, 2003) . However, we find no significant correlation of this kind.
We therefore favor a second model. Figure 5 shows that there is a correlation of the abundance excesses of the heavier elements with the second ionization potential. The significance of the correlation is 0.0013. The figure and significance calculation includes two points for Ba and Ce for which we have only upper limits. Should we exclude them, the significance drops to 0.016. However, if we use abundances for these elements decreased by 1 and even 2 dex, the significance of the correlation is essentially the same as with the upper limits: 0.0016.
While it is clear that other factors than the second ionization potential determine the overabundances, the correlation we find is unlikely to have arisen by chance.
The proposed model supposes that exotic r-processed material fell onto the star, and then was subject to in situ differentiation. One advantage of this model is that it would not require the diffusion of rhenium or mercury from great depths requiring the elements to pass through many ionization stages.
The "mass above the photosphere" may be defined as ρdx from x = 0 to a physical depth where the optical depth is about unity. For late B stars, that mass is about 0.1 gm cm −3 . This means that to enhance the Hg abundance by a factor of 2 · 10 6 , ions would have to diffuse upward from a depth such that ρdx ≈ 2 · 10 5 . We use the 2.5 M⊙ model of P. Demarque, D. Guenther, and J. Howard (cf. Cowley 1995, Table 9.3(b) ). Numerical integration of the tabulated values show that at this depth (r/R = 0.92), T = 4 · 10 5 K. If we use the Saha equation, taking the ratio of the relevant partition functions to be unity, we find the ratio of Hg
+16
to Hg +15 approximately unity at this depth (9.6 · 10 4 km below the surface of the star).
This calculation assumed mercury that has diffused upward does not escape from the photosphere. We also have neglected lowering of the ionization energy. Both effects would increase the relevant degree of ionization. The ionization energy for Hg xvi (+15) used here is from Carlson et al. (1970) . The value, 357 eV, is approximate, but adequate for the present purposes, which is only to show the multiplicity of ion stages involved. The overall situation is not substantially different from that discussed by Cowley and Day (1976) , where it was concluded that for an enhancement of 10 5 mercury would have to diffuse from depths involving Hg xi-xiii, and the relevant temperature (see Table 1 . Model B) was 2 · 10 5 . Diffusion from deep layers does not provide a basis for understanding the correlation with the second ionization potential.
Predictions
Based on the model of the preceeding section, and the abundances of HD 65949 and HR 7143 (as typical of HgMn stars), we can make a number of predictions that can be checked by further investigation. The overall hypothesis is that both stars have been subject to exotic mass addition, but that HD 7143 is cosmochemically more mature then HD 65949.
• Osmium and rhenium are rarely (if ever) enhanced to the point where they are identified in ground-based spectra of HgMn stars. Therefore, these elements cannot be (strongly) supported by radiation in the atmospheres of HgMn stars compared, for example, to mercury. (Their high abundance in HR 65949 must result from a very recent transfer of material.)
• Xenon is often found in HgMn stars. In spite of the fact that Xe i has noble gas structure, significant support for this element must exist. The case of Kr needs more observational material. Though it is not seen in HgMn stars, better observations could lead to its identification. We see no indication of Kr ii λ4355.48 in HR 7143 on CH04 material posted on Castelli's web site.
• The nitrogen deficiency and the phosphorus excess must be established rapidly in HD 65949. These anomalies appear before a significant Mn excess appears.
• The large gallium abundance shown by many HgMn stars is not seen in HD 65949. Therefore, it must be pushed up from considerable depths, on a time scale longer than relevant for HD 65949. It would be a pure diffusion anomaly.
Of course, it may be possible to account for the abundance pattern of HR 65949 with the fundamental diffusion picture when the necessary atomic data are known. The lack of barium enhancement may already be explained in MCVV. The overall scatter of the heavier elements could be attributed to the relative ease of transport of atoms with initially low abundances. This would mean that mercury and rhenium were pushed up from deep layers where atoms might be ten or more fold ionized. We would then conclude that the observed correlation with second ionization potential was a red herring.
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Original sources of oscillator strengths are cited where practicable, but we relied heavily on the online data bases of Ralchenko, et al. (2008, NIST) , Kupka, et al. (1999, VALD) , and Biémont, Palmeri & Quinet (1999, DREAM) . When no source of oscillator strength is explicitly cited, the values come from VALD.
In the following sections, a measured stellar wavelength is indicated by an asterisk, e.g. λ * 4911.66. Helium (Z = 2; log(He/Ntot) ≈ −1.95 ± 0.14): A rough estimate, using Voigt profiles of 8 He i lines. The helium abundance is about 10 per cent that of the sun.
Carbon (Z = 6; log(C/Ntot) = −3.66 ± 0.4:): The abundance is from a synthesis of the C ii λ4267 doublet, which is clearly present. The VALD oscillator strengths are very close to those on the NIST site. A few C i and ii lines are surely present, but give inconsistent abundances, most likely due to blends. The carbon abundance is nearly solar. CH04 find a ca. 0.5 dex deficiency of carbon.
Nitrogen (Z = 7; log(N/Ntot) −6.52): Neither N i nor N ii can be positively identified. An upper limit of 0.3 mÅ for N ii λ8680 gives log(N/Ntot) = −6.52, corresponding to a deficiency of about 2.4 dex with respect to the sun. CH04 got an upper limit corresponding to a deficiency of −1.7 dex in HR 7143.
Oxygen (Z = 8; log(O/Ntot) = −3.24 ± 0.16): Nine O i lines, excluding the strong triplet λλ7772, 7774, and 7775 yield a small oxygen excess above to the solar value. Oscillator strengths are from VALD but agree well with NIST. CH04 also find a slight excess of oxygen for HR 7143.
Neon (Z = 10; log(N e/Ntot) = −4.29 ± 0.16): A close examination of the HARPS spectra show that Ne I is clearly present. The abundance is based on 10 weak lines and oscillator strengths from NIST. The line-to-line agreement is excellent.
Sodium (Z = 11; log(N a/Ntot) = −5.42 ± 0.13): The abundance is from the D-lines, with equivalent widths of 27 and 21 mÅ. The probable error is the difference of the two determinations. The stellar lines are much weaker than the interstellar ones.
Magnesium (Z = 12; log(M g/Ntot) = −4.80 ± 0.45): The adopted abundance is primarily from 9 Mg ii lines, which give −4.91 ± 0.17. We did not use the λ4481 dou-blet for an abundance. Four Mg i lines, including the b-lines give −4.46 ± 0.47, which might indicate stratification or too hot a model. They are weighted 1/3 in the adopted value. The adopted error is the difference in the Mg I and Mg ii values. Oscillator strengths are from VALD, but are very close to those at the NIST site.
Aluminum (Z = 13; log(Al/Ntot) = −6.45 ± 0.24): The two strongest Al ii lines, λλ4663.05 and 6243.36 were measured and so identified in the online wavelength list: http:www.astro.lsa.umich.edu/∼cowley/hd65949/ A 5.8 mÅ line is present at the position of the strong Al I line λ3691.52. This is almost certainly the line 3691.49 on the online list. There is no definite feature at the position of the other strong Al i line, λ3944.01. However, the noise might obscure a 1 mÅ feature. We adopt a straight average of two Al i and two Al ii lines. Oscillator strengths were from VALD, but are very close to NIST. Aluminum is deficient. This result was also found by CH05.
Silicon (Z = 14; log(Si/Ntot) = −4.69 ± 0.26): The abundance is from 10 Si ii and 2 Si iii lines with equivalent widths ranging from 4.6 to 136 mÅ. Oscillator strengths are mostly from NLTELINES (Kurucz 1993) . Generally, the agreement with NIST was good. However for λλ5669 and 5957, we substituted the NIST values, which had B+ accuracy.
The 2 Si iii lines, λλ4552 and 4567 yield abundances of −4.29 and −4.46, in fair agreement with the overall mean. Both lines have NIST graded B+ accuracies.
Phosphorus (Z = 15; log(P/Ntot) = −5.13 ± 0.29): The abundance is based on 19 weak P ii lines. Oscillator strengths are from BELLLIGHT (Kurucz 1993 ), a compilation from various sources. The overabundance, some 1.6 dex, is substantially above that found by CH04 for HR 7143.
Sulfur (Z = 16; log(S/Ntot) = −4.92 ± 0.24): The abundance is based on 34 S ii lines with equivalent widths from 1.3 to 17 mÅ. Two outliers, λλ4162 and 4174 were excluded from the average. The abundance is solar, within the uncertainties. CH04 find sulfur underabundant by 0.4 dex in HR 7143.
Chlorine (Z = 17; log(Cl/Ntot) −7.09): An upper limit is derived from Cl ii λ4794.55, which is 0.3 mÅ. The oscillator strength is from Fuhr and Wiese (1996) .
Argon (Z = 18; log(Ar/Ntot) −6.07): An upper limit is derived from the strong Ar i line λ8115.31. The oscillator strength is from Fuhr and Wiese (1996) .
Calcium (Z = 20; log(Ca/Ntot) = −5.81 ± 0.53): The strongest Ca i line, λ4227 is probably present. We measured a 1.6 mÅ line just above the noise level. There were seven unblended Ca ii lines. With a microturbulence, ξt = 1 km s −1 , the K-line and λλ8498 and 8542 of the infrared triplet yield an abundance ca. 1 dex higher than the weaker lines, λλ3706, 8201, 8248, and 8912. The plot of abundance vs. equivalent width looks like a classic case of too low a microturbulence. The adopted mean is the average of assuming ξt = 1 and ξt = 5 km s −1 . The latter brings strong and weak Ca ii lines into agreement. The uncertainty is the difference in these abundances. We do not consider ξt = 5 km s −1 realistic. Interestingly, the strong Ca ii lines agree with the very weak Ca I λ4227 line. Calcium is poorly determined; the source of the large uncertainty is not understood. The usual culprits are non-LTE or stratification. They are not explored here. Note that the Ca ii K-line and the two components of the infrared triplet are the strongest lines used in the present analysis.
Scandium (Z = 21; log(Sc/Ntot) = −8.18 ± 0.07): The abundance is based on 5 Sc ii lines, including λ4246 with equivalent widths from 5.1 to 16.8 mÅ. The internal agreement is good; the standard deviation for the five lines is less than 0.1 dex.
Titanium (Z = 22; log(T i/Ntot) = −6.90 ± 0.27): Only Ti ii lines are available. The abundance is based on 42 lines with equivalent widths ranging from 2 to 45 mÅ. Oscillator strengths are from Pickering, Thorne, & Perez (2001, PTP) . Results were very similar if lines with LS-allowed transitions from Kurucz (1995, used by VALD) were used. No significant trends of abundances with wavelength, equivalent width, or excitation potential were noticed. Three obvious outliers were excluded. If they are averaged in, the abundance would be −6.78.
Vanadium (Z = 23; log(V /Ntot) −8.65): While V ii lines are prominent in the spectra of cooler Am and superficially normal A-stars; the lines are typically weak or absent in hotter CP types. We estimate an upper limit taking the equivalent width of V ii λ3545.19 to be 0.5 mÅ. This is close to the upper limit found for vanadium by CH04.
Chromium (Z = 24; log(Cr/Ntot) = −5.87 ± 0.31): There is an ≈ 1 mÅ feature at the proper position to be λ4254.35, the strongest Cr i line in the region. That line alone gives an abundance of log(Cr/Ntot) = −5.6 in satisfactory agreement with the overall mean of the Cr ii lines. The abundance is based on 64 LS-permitted transitions. Only 14 of the 64 lines used were found in the online material published by Nilsson, et al. (2006) . A comparison of the LS-permitted lines in VALD and Nilsson et al. (2006) gave a mean of +0.045 for log(gfVALD) − log(gf Nilsson ), with a standard deviation of 0.16 dex. This difference was considered negligible at the present level of accuracy. There is a slight trend of abundance with equivalent width that can be removed by assuming ξt = 3km s −1 . The resulting average abundance would be −5.98 ± 0.26. Since Cr has an even Z, and hyperfine broadening is not anticipated, we retained the result with ξt = 1 for consistency with other spectra.
Manganese (Z = 22; log(M n/Ntot) = −6.06 ± 0.15): There is no indication of Mn I. The abundance is based on 22 Mn ii lines with strengths ranging from 3.1 to 86 mÅ. There was no trend of abundance with equivalent width with ξt = 2.0 km s −1 . Abundances using 1.0 and 3.0 km s
showed slight trends. Only LS-allowed transitions were used. We eliminated three outliers after noting their transitions were not LS-allowed, but which had not been caught by our filter. Iron (Z = 26; log(F e/Ntot) = −4.06 ± 0.24): The adopted abundance is from 98 Fe ii lines. Seven Fe iii lines give −4.09, while 21 Fe i lines give −3.72 ± 0.37. In view of possible stratification we do not consider these values. However, with the cooler model used in Paper II, we obtained −3.96, in better agreement with Fe ii and Fe iii, as detailed in Paper II. Oscillator strengths for the first two spectra were from Fuhr and Wiese (1996) . For Fe ii, the recent values of Meléndez and Barbuy (2009) made only a 0.01 dex in the average abundance from Fe ii using transitions from Fuhr and Wiese (2006) . The iron abundance is about a factor of three above the solar value.
Cobalt (Z = 27; log(Co/Ntot) −5.76): Neither Co i nor Co ii is firmly identified. An approximate upper limit is set by the absence of the strong Co i line λ3443.64. If the equivalent width were 0.5 mÅ, the abundance of Co would be −5.76. The strong Co ii line λ4062.73 gives an upper limit −5.33, assuming 0.8 mÅ.
Nickel (Z = 28; log(N i/Ntot) = −6.35 ± 0.31): The presence of Ni i cannot be confirmed. While a definite line (7 mÅ) is present within 0.01Å of the resonance line in Multiplet 19, the next strongest line in that multiplet is absent, as are the next strongest four Ni i lines in Meggers, Corliss, and Scribner (1975) . Ni ii is surely present, although weak. The abundance is based on 5 lines with measured equivalent widths from 4.3 to 10 mÅ.
Copper (Z = 29; log(Cu/Ntot) −5.81): An upper limit was set from Cu i λ5153.24, and equivalent width possibly 2 mÅ. An examination of the region of the strongest expected lines did not confirm the identification.
Zinc (Z = 30; log(Zn/Ntot) −7.8: We can only set an upper limit that is roughly solar. An ≈ 5 mA line measured at λ * 4911.66 near the position of Zn II λ4911.63 may be entirely due to a Nd III line tabulated by Ryabchikova, Ryabtsev, Kochukhov, and Bagnulo (2006) . If any Zn II feature is present, it is at the level of the noise.
Ga through Selenium (Z = 31−34): Neither the first nor the second spectrum of any of these elements can be confirmed to be present. We report an upper limit for gallium of −7.50, based on an equivalent width of λ4251.14 of 0.4 mÅ.
Bromine (Z = 35; log(Br/Ntot) = −6.81 ± 0.5: The wavelength agreement was very good on two HARPS spectra for the three lines with oscillator strengths on the NIST web site. Equivalent widths for Br ii λλ4704.9, 4785.5, and 4816.7 of 4.1, 2.4, and 0.4 mÅ yield log(Br/Ntot) of −6.64, −6.69, and −7.39. We use weight 1/2 for the weakest line. The error is an estimate. Br ii is rarely observed in late B stars, but two of these lines were used by CH04, and all three were observed in 3 Cen A (Cowley & Wahlgren 2006 ). Br ii is judged weakly present in HD 65949.
Krypton (Z = 36; log(Kr/Ntot) = −5.85 ± 0.13): Five weak Kr ii lines on HARPS spectra have good wavelength agreement with their laboratory values; the derived abundances are all within a factor of two of one another. The spectrum is weak, but present beyond doubt. There are no Kr ii lines in the VALD or Kurucz data bases. We used transition probabilities from the NIST site.
Rubidium (Z = 37; log(Ru/Ntot) −6.70): A search for the strongest NIST lines in the region observed did yield some possible features for Rb ii. The upper limit is based on an equivalent width of 1.2 mÅ for Rb ii λ4244.40, measured at 4244.41 on a HARPS spectrum. The oscillator strength is from Smirnov and Shapochkin (1979) .
Strontium (Z = 38; log(Sr/Ntot) = −6.76 ± 0.45): The Sr ii resonance lines are unmistakable, and give abundances ranging from -6.6 to -6.2, depending on the method of analysis (synthesis vs. equivalent width). We consider these lines to be affected by NLTE or stratification. The abundance is quite uncertain. We take it from the subordinate lines, λλ4161 and 4305. Two very weak lines λλ4312.77 and 4414.84 yield significantly higher abundances. We reject them as probably due to severe blending. The oscillator strangths are from VALD, but are not significantly different from NIST.
Yttrium (Z = 39; log(Y /Ntot) = −7.66 ± 0.11): The abundance is based on 14 Y ii lines from 3327 to 5662Å. with equivalent widths from 1.3 to 18.4 mÅ. Oscillator strengths are from VALD. Lines in common agree with Fuhr and Wiese (1996) .
Zirconium (Z = 40; log(Zr/Ntot) = −7.90 ± 0.17): Our rough estimate is based on three Zr ii lines with equivalent widths of 5.0, 9.4, and 9.6 mÅ. Oscillator strengths from VALD but for these lines agree sufficiently with Ljung, et al. (2006) Niobium (Z = 41; log(N b/Ntot) = −7.26 ± 0.29): The abundance is based on 22 lines with equivalent widths from 1.6 to 20 mÅ. The transition probabilities were mostly taken from Nilsson and Ivarson (2008) . Values for λλ3517 and 4119 are from VALD. Nb ii is not routinely identified in CP stars; CH04 do not report an abundance for niobium in HR 7143. Niobium creates an odd-Z anomaly, being more abundant than its adjacent even-Z neighbors.
Molybdenum (Z = 42; log(M o/Ntot) = −7.86 ± 0.34): The entry in Table 3 is based on four quite weak Mo II lines, with one outlier weighted 1/2. Oscillator strengths are from Quinet (2002) .
Ruthenium (Z = 44; log(Ru/Ntot) = 6.50 ± 0.48): The abundance is based on 20 Ru ii lines with equivalent widths ranging from 0.3 to 22 mÅ. We used new oscillator strengths and partition functions recently calculated by the Mons group (Palmeri, et al. 2009 ).
Rhodium (Z = 45; log(Rh/Ntot) ≈ −7.43): The abundance is based on only one strong Rh ii line in Multiplet 5: λ3307.37. The (guessed) oscillator strength, log(gf ) = 0.00 is from Kurucz (1993) . CH05 attribted seven features to Rh ii. Five of these lines are below the UV cutoff of our spectra.
Palladium (Z = 46; log(P d/Ntot = −5.84 ± 0.14): The result is based on four weak Pd ilines, and one blended feature. The abundances from the four lines are within a factor of two of one another. Oscillator strengths are from Biémont, Grevesse, and Kwiatowski (1982) .
Silver through Tellurium: (Z = 47-52) • There is no support for Ag i or ii, either from searches for the strongest lines within our wavelength coverage.
• We find only marginal evidence for Cd. The upper limit is from Cd ii 4415.8, possibly present as as a 1 mÅasymmetry to the violet of a stronger, unidentified line, probably Re ii.
• A search for the strongest lines yields no support for the presence Sb ii.
• We derive an upper limit of log(Sn/Ntot) ≈ −8.42 by assuming Sn ii λ6453.5 has an equivalent width of 1 mÅ. The oscillator strength used was from NIST.
• Tellurium: Te ii is surely present. Oscillator strengths are currently being calculated, and will be reported in due course.
Xenon (Z = 54; log(Xe/Ntot) = −5.42 ± 0.11): The abundance is based on six Xe ii lines with equivalent widths from 5 to 27 mÅ. Transition probabilities are from Zielińska, Bratasz & Dzierżȩga, K. (2002). The wavelength agreement is excellent. The spectrum is securely identified.
Cesium (Z = 55; log(Cs/Ntot) −7.7): A single, weak feature centered at λ * 4603.78 provides an upper limit to the Cs abundance. The stellar feature is not broad enough to fit the laboratory hfs (Sansonetti and Andrew 1986) , though a partial contribution from Cs II cannot be excluded. The upper limit falls between the abundance of xenon, and an upper limit for barium.
Barium (Z = 56; log(Ba/Ntot) −9.64): The Ba ii resonance line λ4554 has an equivalent width no larger than about 0.6 mÅ. There is no indication of the presence of the second component of the doublet, λ4934.
Cerium (Z = 58; log(Ce/Ntot −9.79): The upper limit is based on the non appearance of the strong Ce iii line λ3454.39, for which we estimate from raw UVES scans that the equivalent width cannot be larger than about 0.1 mÅ. Because of the wavelength placement and intensity distribution of Ce iii, it is more rarely identified in CP stars. The oscillator strength used for λ3454 was from the DREAM site.
Praseodymium (Z = 59; log(P r/Ntot) = −8.31 ± 0.21): The abundance is based on 16 Pr iii lines from 4 to 20 mÅ. The oscillator strengths are from the DREAM site and line-to-line agreement is good (±0.21 sd). The strongest likely Pr ii lines are blended. An equivalent width of 0.5 mÅ for λ4225 yields an upper limit of −7.9 for log(P r/Ntot), which does not seem particularly useful, since Pr iii gives a smaller value, and the general trend is for the third spectrum of the lanthanides to give a higher abundance.
Neodymium (Z = 60; log(N d/Ntot) = −7.03±0.32): The abundance is based on 12 Nd iii lines. Five lines had equivalent widths over 20 mÅ, and another three were over 10 mÅ. Oscillator strengths are from DREAM.
Europium (Z = 63; log(Eu/Ntot) −8.50 :): The upper limit is based on Eu III λ6666.37 (Ryabchikova, et al. 1999) . The oscillator strength is from Wyart, et al. (2008) . There is no sign of a feature on the HARPS spectrum. A value of 0.4 mÅ was used to set the upper limit.
Dysprosium (Z = 66; log(Dy/Ntot = −8.06 ± 0.44): The abundance is based on 12 Dy iii lines. All had equivalent widths 17 mÅ. Two lines gave abundances about 1 dex higher than the mean of all 12 lines. They were averaged in, but with weight 1/2. Since the logs were averaged, the difference between weighting or not weighting was only 0.1 dex. Oscillator strengths are from DREAM.
Holmium (Z = 67; log(Ho/Ntot) = −8.18 ± 0.31): The abundance is based on 12 weak Ho iii lines. Ten of the lines used were under 10 mÅ. Oscillator strengths are from DREAM.
Erbium (Z = 68; log(Er/Ntot) = −8.80 ± 0.21): The abundance is from three Er ii lines, with equivalent widths between 1.4 and 3.3 mÅ. These three are the strongest lines by far in the Reader and Corliss (1980) tabulation. Oscillator strengths are from DREAM.
Ytterbium (log(Y b/Ntot) ≈ −8.69): The result is from Yb iii λ4028.14, W λ = 0.7 mÅ. Yb ii, λ4180.81 is possibly present. W λ = 0.3 mÅ, yields −9.13. CH04 observed both Yb ii and Yb iii, and obtained an abundance from Yb iii 0.8 dex higher than from Yb ii. This is qualitatively similar to our result.
Tungsten (Z = 74; log(W/Ntot) −8.14): We cannot establish the presence of W i or W ii. The W ii line in Multiplet 1, λ3641.42 if present is a weak feature in the wing of Ti ii λ3641.33. We estimate the equivalent width must be 0.5 mÅ. This gives an upper limit some 2.6 dex above the solar value. The oscillator strength used for λ3641 from VALD is 0.15 dex larger than that of Kramida and Shirai (2006) .
Rhenium (Z = 75; log(Re/Ntot) = −5.81 ± 0.27): The Re ii spectrum is exceptionally well developed in HD 65949, even though the strongest atomic lines of Re ii are well below our wavelength coverage. Some 120 lines are attributed wholly or partially to Re ii. New oscillator strengths enable us to determine abundances from lines on either side of the Balmer jump (BJ). Using 15 lines to the violet of the BJ, we find −5.62 ± 0.21; 17 lines to the red of the BJ give −5.97 ± 0.22. The sense of the difference is that the abundance of rhenium is higher in the higher atmosphere. A microturbulence of 4 km s −1 was necessary to remove dependence of abundance with equivalent width. This is reasonably attributed to hyperfine structure which is readily visible on the HARPS spectra. Even so, we omitted two lines with equivalent widths of 116 and 123 mÅ. The overall rhenium excess, is 6 dex, greater than that of any element apart from mercury.
New oscillator strengths and partition functions were calculated by the Mons group. The results are presented in Appendix B1 and C1.
Osmium (Z = 76; log(Os/Ntot) = −5.27 ± 0.53): Os ii is present beyond any doubt. One can see on the highresolution HARPS spectra that the lines of Os ii (and Pt ii) are noticably sharper than lines from lighter ions. The abundance is based on 17 lines with equivalent widths ranging from 5 to 38 mÅ. The oscillator strengths are taken from the database DESIRE, and the partition functions are given in Appendix B1.
Platinum (Z = 78; log(P t/Ntot) = −5.22 ± 0.15): With Engleman's (1989) list, we identified 23 lines with Pt ii. There is good evidence that the dominant isotope is 198 Pt (Paper I). We found no credible evidence for Pt I.
We adopt the absolute oscillator strength scale of Quinet, et al. (2008, QPFB) . Only three of their lines are available in HD 65949 (3535.89, 3551.36, and 4046.45Å) . Dworetsky, Story, and Jacobs (1984, DSJ) provide oscillator strengths for an additional six lines, but with a different absolute scale. The DSJ scale was based on calculated transition probabilities for ultraviolet lines that were used to fix the stellar abundance of platinum in χ Lup. Though DSJ give oscillator strengths for four lines (see their Table II) , in practice only two (λλ1777.0 and 2144.0) were used for the abundance which sets the astrophysical scale of DSJ's Table IV. Additionally λ4046 is in DSJ's Table IV and QPFB. If we compare all four of the common UV lines, we find the DSJ log(gf ) ′ s are larger by 0.30. If we compare only the two lines used for abundance, the corresponding figure is 0.22; the DSJ log(gf ) for λ4046 is 0.42 larger than that of QPFB. We have scaled down all DJS values by 0.30 dex. The adopted abundance is based on eight lines, not including λ4046, which is blended with Hg I and sensitive to microturbulence and isotope shifts (Engleman 1989) . Using plausible assumptions for the microturbulence, and isotope ratios, we can get good agreement from λ4046 with results from the other Pt II lines. However, a definitive study of isotopes is postponed to a future study.
Gold (Z = 79; log(Au/Ntot) = −6.96 ± 0.52): The abundance is based on Au ii λλ4016, 4052, and 4361, with equivalent widths of 4, 6, and 3.1 mÅ. Respective abundances are −7.17, −7.18, and −6.11. We have weighted the latter line 1/2, to form the mean and standard deviation, assuming it is likely a blend. Oscillator strengths are from Rosberg and Wyart (1997) .
Mercury (Z = 80; log(Hg/Ntot) = −4.59±0.29): The strength of Hg ii λ3984 is extraordinary. The abundance of mercury used here is an average of four weak Hg i and ii lines discussed in Papers I and II. Oscillator strengths from Fuhr and Wiese (1996) and Sansonetti and Reader (2001) cause small differences from Paper II. The uncertainty (±0.29), is the difference, of the averages: Hg ii minus Hg I.
Lead (Z = 82; log(P b/Ntot) −8.12): There is no evidence for the strongest lines of either Pb i or ii. The upper limit used here assumes an equivalent width of 0.2 mÅ for Pb ii λ5042. If log(P b/Ntot) were as large as −6.0, λ5042 would have an equivalent width of some 16 mÅ, and be easily detected. It is clear that lead is significantly lower in abundance than osmium, platinum, or mercury.
Bismuth (Z = 83; log(Bi/Ntot) = −8.0 ± 0.5): An upper limit is from the strongest lines, λλ4079 and 5209, discussed by Dolk, Litzén, & Wahlgren (2002, DLW) for HR 7775. There is broad, weak absorption near the position of the λ5209 components, but the Bi II hfs components do not fit it well. A measured feature, at λ * 4259.46 is too far from the laboratory position. The upper limit is based on a synthesis that assumes a contribution from Bi II at the level of the noise.
Thorium (Z = 90; log(T h/Ntot) = −9.14 ± 0.17) The abundance is based on eight lines with measured equivalent widths from 1.0 to 4.6 mÅ. Oscillator strengths are from DREAM. Partition functions for Th ii and iii were calculated from energy levels of Blaise and Wyart (2009) . Results differ only slightly from values used at Michigan for several decades.
APPENDIX B: NEW PARTITION FUNCTIONS
Partition functions can be a significant source of error for stellar abundances if they are inaccurate. In most of the present work, partition functions were calculated from published atomic energy levels (e.g. Moore 1949 Moore -1958 , or levels produced by the Cowan (1981) atomic structure code (cf. Cowley and Barisciano 1994) . The present work uses new partition functions for the first through third spectra of ruthenium, rhenium, and osmium (see Table B1 ). These were calculated on the basis of the experimental energy levels available in the literature adding, in each case, additional theoretical values deduced from HFR calculations. Relevant references are indicated by footnotes to the table. Full citations appear among the main references.
APPENDIX C: TRANSITION PROBABILITIES IN RE II
Transition probabilities had been obtained by Palmeri et al. (2005) for 45 lines of Re II as a part of the general project to build the DatabasE for the SIxth Row Elements (DESIRE, Fivet, et al. 2007 ). They had used a combination of theoretical branching fractions with radiative lifetimes measured by time-resolved laser-induced fluorescence spectroscopy. The results reported were for transitions depopulating the levels with measured lifetimes. Using the same relativistic HartreeFock method, including core-polarization effects, the sample of results obtained by these authors has been considerably extended in the present study. More precisely, in the physical model used, the interactions between the 5d 5 ns (n = 6 − 8), 5d
4 6sns (n = 6 − 8), 5d 6 , 5d 5 6d, 5d 4 6s6d, 5d 3 6s 2 6d, 5d 4 6p 2 and 5d 3 6s6p 2 (even parity) and 5d 5 np (n = 6 − 8), 5d 4 6snp (n = 6 − 8), 5d 3 6s 2 6p (odd parity) configurations were retained. A least-squares fitting of the calculated eigenvalues of the hamiltonian to the observed energy levels was applied, using experimental levels from Meggers et al. (1958 ), Wyart (1977 , and Wahlgren et al. (1997) . We retained 44 even-parity and 55 odd-parity levels in the fit leading to standard deviations of 135 (even) and 192 cm −1 (odd levels), respectively. The transition probabilities and oscillator strengths of the strongest (log gf > −1.0) transitions of Re II with λ > 2000Å are reported. Additionally, lines identified wholly or partially as Re II in HD 65949 are included. 
